The objective of this study was to assess yield, nutritional quality, and fatty 3 acid compositions of winter rye (Secale cereale) and winter wheat (Triticum 4 aestivum) forages for grazing cattle (Bos taurus) in an organic system. The rye 5 and wheat were established on two 4 ha plots in September 2015. Six groups of 6 dairy steers rotationally grazed rye (n = 3) or wheat (n = 3) plots divided into 7 seven paddocks (n = 14) from April to June 2016. Forage samples (n = 96) taken 8 prior to paddock grazing were used to analyze forage characteristics. Mixed 9 models with fixed factors of forage, date, and their interaction, a random subject 10 factor of group nested in paddock, and a repeated effect of date were used for 11 each outcome. The linear effect of date on fatty acids was obtained by 12 substituting date as a continuous variable. The mean forage yield for rye was 13 greater (P < 0.05) than wheat (mean ± standard error; 2840 and 2571 ± 82 kg ha -14 1 , respectively). However, rye yielded less in the latter part of the grazing period. 15 Wheat (19.3 ± 0.30% DM) had greater (P < 0.001) crude protein than rye (17.6 ± 16 0.30% DM). In general, crude protein, digestibility, and minerals decreased 17 during the grazing period. Wheat (66.3 ± 0.54 g 100g -1 ) had greater (P < 0.001) 18 alpha-linolenic acid (18:3n-3) concentration than rye (63.3 ± 0.54 g 100g -1 ). 19 Although both forages decreased (P < 0.05) in alpha-linolenic acid concentration, 20 wheat decreased 2.49 times more (P < 0.001) per d compared to rye forage. 21 Winter rye and winter wheat forages are viable for cattle grazing. Producers 3 22 should initiate early grazing to maximize protein, digestibility, and alpha-linolenic 23 acid intake while the forages are immature. 24 61 As pasture-based beef and dairy industries grow, it is important to assess 62 alternative forages and understand their impacts on production and nutritional 63 quality for grazing. Therefore, the objectives of this study were to assess and 64 compare WR and WW pastures for forage yield, dry matter (DM), nutritional 65 quality, mineral composition, and FAs during the grazing season. 5 66 Materials and methods 67
Introduction
The growing demand for organic beef and dairy products [1] is partially 26 driven by consumer interest in perceived health benefits [2] of the altered fatty 27 acid (FA) profiles of organic beef and milk lipids [3] [4] [5] [6] . Products from organic 28 cattle have a desirable FA profile, including greater concentrations of conjugated 29 linoleic acid and omega-3 FA (n-3), and lower omega-6:omega-3 FA ratios (n-30 6:n-3), compared to conventionally-fed cattle that consume a greater proportion 31 of their diet as grain and grain-derived feedstuff [3, 4, 6] . A greater concentration 32 of alpha-linolenic acid (18:3n-3) in forages has a positive influence on the 33 concentration of n-3 in milk and lipids of beef [7] . Furthermore, fresh forages 34 contain even greater concentrations of 18:3n-3 than processed or stored forages 35 [8, 9] . Thus, increasing the intake of fresh forages via pasture grazing can 36 improve the nutritional quality of milk and beef products while allowing producers 37 an opportunity to capitalize on forage production for grazing systems.
38
The rules of the United States Department of Agriculture National Organic 39 Program ( §205.237) [10] require that cattle consume at least 30% of their dry 40 matter intake from pasture, except during the finishing phase for beef, and 41 require an active soil building plan to limit soil erosion and nutrient leaching.
42 Pasture grazing is also a low-cost method to feed cattle compared to feeding 43 stored organic grains and forages [11] . Hence, one of the main obstacles organic 44 beef and dairy producers face is lack of pasture forages for grazing [ Magnesium, % DM 0.145 0.136 0.0027 * *** * Least square means and standard errors for the grazing period (25 April -10 June 2016). NDF = neutral detergent fiber; ADF = acid detergent fiber; TTNDFD = total tract neutral detergent fiber digestibility; NEg = net energy for gain; NEm = net energy for maintenance; TDN = total digestible nutrients; F x D = forage and date interaction a Measurements reported as percent of dry matter; dry matter reported as percent of as-fed; TTNDFD reported as percent of NDF b Standard errors are the same for forages * P < 0.05; ** P < 0.001; *** P < 0.0001
171
In general, WR had greater yield at the start and WW had greater yield in 172 the latter part of the grazing period (Fig 1) . These growth trends are consistent 173 with the results of previous studies [21,24,26,31].
174 Fig 1. Forage yield of winter rye and winter wheat for the grazing period. 175 *Forages within the same date are different, P < 0.05.
176
The WW had greater (P < 0.05) DM than WR (Table 2) , which increased 177 during the grazing period for both forages (Fig 2) . The forages had similar Calcium (Ca) ( Table 2) , which decreased over the 233 grazing period (Fig 6) . The WR had greater (P < 0.0001) phosphorus (P) than WW (Table 2) , 252 which decreased over the grazing period (Fig 7) . Specifically, WR had greater P 253 in the first few weeks of grazing compared to WW. The estimated P requirement 254 of 0.16 -0.21% DM for growing and finishing beef cattle is based off the 255 estimated net protein requirement for gain of dairy steers consuming forages of 256 the current study with ADG of 0.87 kg d -1 using equations from the National 7. Phosphorus of winter rye and winter wheat for the grazing period. 265 *Forages within the same date are different, P < 0.05.
266
Potassium 267
The WR had greater (P < 0.05) potassium (K) than WW (Table 2) , which 268 decreased during the grazing period (Fig 8) . In general, the forages were well 269 above the National Research Council [33,34] recommendations of 0.42% DM for 270 lactating grazing dairy cattle and 0.60% DM for growing beef cattle, and was 271 above the maximum tolerable level of 2 -3% DM during the beginning of the 272 grazing period. The forages exceeded the maximum tolerable level at the start of 273 grazing, which is a concern for lactating dairy cattle. The WR had greater (P < 0.05) Mg than WW (Table 2) , which decreased 281 over the grazing period (Fig 9) . Mg deficiency (hypomagnesemia) is a concern 283 [36] suggested that hypomagnesemia may also be induced by (Table 3 ). The most 295 abundant was 18:3n-3, followed by palmitic acid (16:0) and 18:2n-6. 314 erucic acid (22:1), and 24:0 increased (P < 0.05) during the grazing period, and 316 between forages for 16:0, oleic acid (18:1), 18:2n-6, 18:3n-3, and 20:0. The 18:1 317 increased (P < 0.0001) in WW, but did not change during the grazing period for 318 WR. The 20:0 decreased 1.41 times more (P < 0.05) per d for WR compared to 319 WW. There was no effect of date for stearic acid (18:0), 20:1, and 22:0 during the 320 grazing period.
321 Table 4 . Effect of date on fatty acids of winter rye and winter wheat forages. 
